
One model but with multiple physics 
parameterizations! 

Both in the Atmosphere and at the Land 
Surface.

1. a. Prescribed LAI,  and b. Predicted LAI 
2. a. Noah Scheme,  and b. NCAR LSM Scheme
3. a. Noah, b. BATS, and c. CLM Scheme
4. a. Jarvis, and b. Ball-Berry Scheme
5. a. BATS, and b. CLASS
6. a. Noah, and b. Niu and Yang, 2006
7. a. Noah, and b. Niu and Yang, 2006
8.  a. Modified two-stream: Gap = F (3D structure; solar 

zenith angle; ...) ≤ 1-GVF
b. Two-stream applied to the entire grid cell: Gap = 0
c. Two-stream applied to fractional vegetated area: 

Gap = 1-GVF
9.  a. CLM, and b. Noah
10.a.  TOPMODEL with groundwater

b. TOPMODEL with an equilibrium water table
c. Original Noah scheme
d. BATS surface runoff and free drainage
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Climate change and its manifestation in 
terms of weather (climate extremes).

Global warming increases the frequency 
and intensity of extreme weather events!!!

How is the land surface and the atmosphere coupled?
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Noah Land Surface Model (LSM)
with multi-physics options

(Niu et al., 2009)

1. Leaf area index 
2. Turbulent transfer 
3. Soil moisture stress factor for 

transpiration
4. Canopy stomatal resistance
5. Snow surface albedo
6. Frozen soil permeability 
7. Supercooled liquid water
8. Radiation transfer
9. Partitioning of precipitation to 

snow- and rainfall
10. Runoff and groundwater

Offline LSM Simulation 2x2x3x2x2x2x2x3x2x4 = 4584 combinations

Study Case: An Extreme Precipitation Event in Texas July 2002

• San Antonio River Basin, Central Texas

• June 30 – July 10

• Stationary upper-level trough and strong 
southeasterly surface winds cause 
continuous low-level moisture flow
across the Gulf of Mexico into Central 
Texas

• Heavy rainfall (>100mm/day) persists 
over the San Antonio area for 6 days

Weather Research and 
Forecasting (WRF) Model
with multi-physics options

Noah Land Surface Model
with multi-physics options

Coupling

Comparison between modeled LAI and MODIS LAI
(averaged from 1983 ~ 2006)

Experiments with different combination of schemes Comparison between modeled Tskin and GOES Tskin
(July 12th , 21:00 UTC, 2004)

Monthly snow water equivalent (averaged from 1983~1992)

Monthly snow depth (averaged from 1983~1992)

36 Offline Ensemble Simulations
First 12-experiment group

Second 12-experiment group – DV Off
Third 12-experiment group – DV off and Javis scheme for rs

Result from the offline runs

• WRF 3.0.1

• Initial/Boundary Conditions: NARR Reanalysis 

• 30-km grid spacing

• July 1-3, 2002

• Experiments :

o WRF/Noah with three convection schemes 
(KF, BMJ, Grell)

o WRF/Noah-MP (three runoff schemes: 
SIMGM, SIMTOP, Noah) and three 
convection schemes (KF, BMJ, Grell)

Model and Experiments

NARR PRCP (mm/day) on July 1 ~ 3

NEXRAD PRCP (mm/day) on July 1 ~ 3

NLDAS PRCP (mm/day) on July 1 ~ 3

Default Noah LSM/KF on July 1 ~ 3

Default Noah LSM/BMJ on July 1 ~ 3

Default Noah LSM/Grell on July 1 ~ 3

Default Noah-MP/KF on July 1 ~ 3

Default Noah-MP/BMJ on July 1 ~ 3

Default Noah-MP/Grell on July 1 ~ 3

Difference (Noah-MP – DF) : KF

Difference (Noah-MP – DF) : BMF

Difference (Noah-MP – DF) : Grell

Comparison of July 1-3 Precipitation from observations and various runs

Hourly PRCP : Central Texas (30° ~ 32°N, 100° ~ 97° W) Hourly PRCP : Southern Texas (27° ~ 30°N, 100° ~ 97° W)

Summary

• We have developed a MP framework for the land surface. Together with the MP 
framework for the atmosphere, this MP framework is useful for probabilistic forecasts of 
the mesoscale extreme events. More research and experiments are warranted. 

• Noah-MP improves over the default Noah LSM, both in offline and coupled simulations. In 
the coupled runs, runoff schemes have considerable effects on rainfall after day 1.

• Convection schemes dominate the simulations of extreme rainfall in the warm season!

• Special attention is required in initializing soil moisture and leaf biomass. A high-
resolution land data assimilation system needs to be configured to provide required land 
data for initialization. 
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